Background: There have been few studies focusing on the incidence and risk factors for elderly patients undergoing computed tomography (CT) scans with intravascular contrast medium, who develop contrast-induced nephropathy (CIN) in the emergency department (ED). Our objective was to investigate the incidence of and risk factors for, CIN in elderly patients seen in the ED, who receive intravenous contrast media for CT examination. Methods: Patients !65 years of age who received contrast-enhanced CT were eligible for inclusion in this retrospective analysis. CIN was defined as an increase in serum creatinine (sCr) !0.5 mg/dL 48 to 72 hours after intravenous contrast administration. Multiple logistic regression analysis for risk factors for CIN and Chi-square test were performed for trend analysis for CIN incidence and mortality of different risk scores. Results: A total of 594 patients, with a mean age of 79.8 AE 6.8 years were included. The overall incidence of CIN was 8.6%. In multivariate analyses, CIN was associated with diabetes mellitus [adjusted odds ratio (OR) ¼ 1.93; 95% confidence interval (CI) ¼ 1.04e3.62], precontrast sCr >1.5 mg/dL (OR ¼ 2.72; 95% CI ¼ 1.44e5.13), and acute hypotension (OR ¼ 3.56; 95% CI ¼ 1.29e9.84). CIN and mortality increased with increasing risk score ( p < 0.001 and p ¼ 0.001, respectively). The all-cause in-hospital mortality rate was 13.1%, and the mortality rates for patients with and without CIN ( p < 0.001) were 47.1% and 9.9%, respectively. Conclusion: Our investigation confirmed diabetes mellitus, precontrast sCr >1.5 mg/dL and acute hypotension as risk factors for CIN, and also developed a simple risk score for elderly patients seen in the ED.
Introduction
Contrast-enhanced computed tomography (CT) provides valuable information for prompt diagnosis and treatment guidance of patients with acute illnesses seen in the emergency department (ED). Contrast-induced nephropathy (CIN) has been increasingly recognized in the past decade, and is usually reported in patients undergoing primary angioplasty or interventional coronary procedures. 1e5 Several risk factors for CIN have been reported, including chronic kidney disease, diabetes mellitus, heart failure, advanced age, hypertension, anemia, hypotension, use of an intra-aortic balloon pump, and left ventricular ejection fraction <40%, as well as the type and dose of the contrast medium used. 2,3,6e8 However, most studies that have identified risk factors for CIN involved patients undergoing coronary angiography or interventional procedures with a higher dose of contrast medium than patients who received CT scans with intravascular contrast medium in the ED. The clinical characteristics of acutely ill patients seen in the ED may differ significantly from those of patients undergoing coronary angiography, in that they may have more unidentified risk factors and unstable clinical conditions. In addition, with the increase in age of the world population, more elderly patients are being seen in the ED and require CT with contrast.
To our knowledge, there has been little study focusing on the risk factors for elderly patients undergoing CT scans with intravascular contrast medium who develop CIN in the ED setting. Thus, the aim of this study was first, to investigate the incidence of, risk factors for, and prognostic implications of CIN in elderly patients receiving intravenous contrast medium for either chest or abdomen CT in the ED. Second, we attempted to establish a simple risk score for the prediction of CIN and mortality of elderly patients who receive contrastenhanced CT imaging in the ED.
Methods

Study design and setting
We retrospectively reviewed the records of all consecutive patients seen at our ED in a medical teaching center in northern Taiwan, from January 1 to June 30, 2007. The average annual ED patient census was 80,146 during the period of 2005 to 2007. Patients !65 years of age, and who received chest or abdomen contrast-enhanced CT, were eligible for inclusion in the analysis. A 40-slice CT scanner (Philips Brilliance 40 CT Scanner, Philips Medical Systems (Cleveland), Inc., Ohio, USA) is used in the ED, which is available 24 hours a day, 7 days a week. Patients receiving long-term hemodialysis, who received another dose of contrast medium within 72 hours, and whose medical records were incomplete, were excluded from analysis. This observational study was approved by the Institutional Ethics Review Board of our hospital, and due to the retrospective nature of the study, the requirement of informed patient consent was waived.
Data collection
Data collected from patient medical records and the hospital electronic database included patient demographic characteristics, precontrast serum creatinine level (sCr) and postcontrast sCr 48e72 hours after CT examination, hemoglobin level, medical history, administration of inotropic agents in the ED, contrast dose and type, tentative diagnosis in the ED and final diagnosis at discharge, temporary or permanent dialysis after CT examination, and in-hospital mortality.
Definitions
Elderly was defined as !65 years of age. Anemia was defined using established the World Health Organization criterion: baseline hematocrit value <39% for men, and <36% for women. 9 Baseline sCr was defined as stable sCr within 1 year prior to receiving the index CT examination. Precontrast sCr was that obtained before the index CT examination during the same ED visit, and postcontrast sCr was the value obtained 48 to 72 hours after the index CT examination. CIN was defined as an increase in sCr !0.5 mg/dL 48 to 72 hours after intravascular contrast administration. 1 
Statistical analysis
Data are presented as mean AE standard deviation (SD) for continuous variables and as number (%) for categorical variables. For continuous variables, the two groups were compared with the independent two-sample t test; however, the Wilcoxon rank sum test was used when data were highly skewed. Univariate analyses were performed using the Chisquare test or the Fisher's exact test, for the comparison of categorical variables as appropriate. Multivariate logistic regression was conducted to identify significant independent clinical predictors of CIN and to estimate odds ratios (ORs). Risk factors that were statistically significant in the multivariate analyses were selected for inclusion in the prediction model. Chi-square for trend test with Kendall's rank correlation tau-b was used for analysis of the relationship between the CIN incidence and mortality rates in different age groups, risk scores, and risk grades. All analyses were two-tailed, and a p value < 0.05 was considered statistically significant. All analyses were performed using SPSS version 16.0 statistical software (SPSS Inc, Chicago, IL, USA).
Results
A total of 35,404 nontrauma patients were screened during the 6-month study period, and there were 14,398 patients !65 years of age (40.7% of the total patients). Among all elderly patients, 2245 patients (15.6%) received CT imaging; of these, 803 patients received chest or abdomen CT examinations with intravenous contrast medium. After excluding patients who met the exclusion criteria, a total of 594 patients were eligible for inclusion in the analysis (Fig. 1) . The clinical data of the 594 study patients, with a mean age of 79.8 AE 6.8 years, are shown in Table 1 . The overall incidence of CIN was 8.6%. The incidence of temporary hemodialysis was 0.5% (3 of the 594 patients), and no patient required permanent hemodialysis. The all-cause in-hospital mortality rate was 13.1%, and the incidence of CIN and mortality in patients grouped by age (65e74 years, 75e84 years, and >84 years) are shown in Fig. 2 . There was no statistically significant difference in CIN incidence between these age groups; however, an increasing trend of in-hospital mortality ( p ¼ 0.07) in the different age groups was noted.
Univariate analyses of clinical characteristics associated with CIN are shown in Table 2 . There were six variables: hypertension, diabetes mellitus, precontrast sCr >1.5 mg/dL, precontrast eGFR <60 mL/min/1.73 m 2 , baseline sCr >1.5 mg/dL, and acute hypotension, which were significantly associated with the development of CIN after contrastenhanced CT imaging. Multivariate logistic regression analyses of these six variables determined to be significant in univariate analyses, demonstrated that diabetes mellitus, precontrast sCr >1.5 mg/dL, and acute hypotension remained statistically significant clinical factors of CIN. The adjusted ORs of diabetes mellitus, precontrast sCr >1.5 mg/dL, and acute hypotension for the development of CIN are 1.93, 2.72, and 3.56, respectively (Table 3) .
To investigate whether these significant clinical factors can be used for risk stratification of CIN and in-hospital mortality, we set the integer score as "1" for diabetes mellitus, "2" for precontrast sCr >1.5 mg/dL, and "2" for acute hypotension, based on their individual adjusted ORs. The increases in risk scores were significantly correlated with the increases in CIN incidence and in-hospital mortality by Chi-square for trend analysis ( p < 0.001 and p ¼ 0.001, respectively). All patients were then categorized into three risk grades; low risk (risk score of 0, n ¼ 372), moderate risk (risk score of 1e2, n ¼ 177), and high risk (risk score of 3e5, n ¼ 45). An increased risk grade was correlated with an increased CIN incidence and mortality by Chi-square for trend analysis ( p < 0.001 and p ¼ 0.001, respectively, Fig. 3 ). In patients categorized as high risk, the incidences of CIN and in-hospital mortality were 28.9% and 37.8%, respectively. To evaluate the possible association of disease with CIN incidence and mortality, we categorized all patients into eight disease groups: cardiovascular, pulmonary, hepatobiliary, gastrointestinal, pancreatic, genitourinary, sepsis of unknown origin, and others. The incidences of CIN and mortality in these disease groups are shown in Table 4 . There was no overall statistical significance between the eight disease groups and incidence of CIN. Only patients with sepsis of an unknown origin were found to have a higher mortality rate than those without sepsis ( p < 0.001).
Of the total 594 patients in our study, 78 patients (13.1%) died during hospitalization, and the in-hospital mortality rate was 47.1% and 9.9%, respectively, in patients with and without CIN ( p < 0.001). Thus, CIN was associated with a significantly increased risk for death from all causes.
Discussion
Studies have shown that CIN will occur in 2e25% of patients undergoing coronary intervention and in 0.5e5.5% of patients after CT examination. 7,13e18 The wide range of reported incidence of CIN depends on the study design and definition used to identify those with kidney injury. In this study, we adopted the most common definition of CIN, which is based on an increase of sCr 48 to 72 hours after the procedure. This method typically can identify most cases of CIN. However, it is also possible that this method may omit some CIN cases, as the peak sCr may occur in 15% of patients as long as 7 days after contrast-enhanced CT is administered. 19 Our observational study indicated that the incidence of CIN was 8.6% in patients with a mean age of 80 years who were seen in the ED and who received intravenous contrast medium for CT examinations. Age was found to be a major predictive factor of CIN in previous studies that primarily focused on patients undergoing coronary interventions and were relatively stable to tolerate the procedures.
1,2,6,7,10,11 Thus, our study focused on elderly patients seen in the ED who usually have more complicated underlying diseases and are less stable, and have medical conditions requiring urgent management. Although one of the results of this study showed that the incidence of CIN peaks in the elderly between the ages of 75 and 84 years (10.1%), there is no statistical significance in the incidence of CIN correlated with the increase of age in elderly patients. However, most previous reports suggest that this subset of the general population still has a relatively higher incidence of CIN than the younger population, and merits careful attention during administration of healthcare services in the ED. Previous studies demonstrated that the development of CIN is associated with a longer hospital stay, long-term dialysis, and in-hospital mortality. 2, 5, 7 It is essential that emergency physicians identify any possible risk factors for deterioration of renal function in ED patients undergoing CT scans. The results of our multivariate analysis identified diabetes mellitus, precontrast sCr >1.5 mg/dL, and acute hypotension, as risk factors for the development of CIN. Pre-existing renal impairment had been commonly identified as a predictor of CIN in patients receiving CT scans, even conferring a 3.8-fold risk relative to patients with normal renal function.
16e18 Diabetes mellitus has also been shown to be an important risk factor for CIN, after stratification by baseline renal function. 18, 20 This finding is consistent with previous studies of patients receiving coronary angiography. 2, 10 Although some factors including heart failure, hypertension, anemia, and left ventricular eject fraction <40% were found in other studies to be associated with an increased risk of CIN in patients undergoing coronary angiography or intervention, they were not found to be associated with an increased risk in this study. 3, 6, 7, 11 A relatively small volume of intravenous contrast medium, a procedural variable, may not increase the risk of CIN. 21, 22 In a study by Mehran and colleagues, in which the authors attempted to develop a contrast nephropathy risk score, eight factors (hypotension, intra-arterial balloon pump, congestive heart failure, age >75 years, anemia, diabetes mellitus, chronic renal disease, and volume of contrast) were identified to be predictive of CIN and increased 1-year mortality in patients undergoing percutaneous coronary intervention. 7 However, these risk factors are too complex, and some variables cannot be obtained in the ED setting. We re-evaluated these risk factors and then developed a risk score to evaluate CIN incidence and mortality for our ED patients. In our study, only three factors (diabetes mellitus, precontrast sCr >1.5 mg/dL, and acute hypotension) were identified, and the integer scores were set based on the adjusted ORs (Table 3 ). The analyses indicated that an increasing score was associated with an exponential increased risk of CIN ( p < 0.001) and mortality ( p ¼ 0.001). Furthermore, we categorized these patients into three risk grades; low, medium, and high risk (Fig. 3) . Patients in the high risk group deserved closer attention, due to their higher incidence of CIN (28.9% vs. 8.6% overall) and higher mortality rate (37.8% vs. 13.1% overall). In addition, in-hospital mortality in patients with CIN was higher than that in those without CIN (47.1% vs. 9.9%, respectively, p < 0.001). Although our results did not indicate a statistically significant correlation of mortality with increasing age in patients !65 years of age, there appears to be a trend such that mortality increases as age increases (Fig. 2) . In addition, we demonstrated that the use of CIN risk scores in elderly patients seen in the ED, who receive intravenous contrast, can predict the incidence of CIN and mortality. These results offer a clinical model for further studies regarding CIN prevention in the ED.
In our analysis of the association between certain diseases and the risk of CIN, we found that only patients with sepsis of an unknown origin had a greater mortality than nonsepsis patients ( p < 0.001). We also categorized all 594 patients into infectious and noninfectious groups, but no statistical difference in mortality was noted (data not shown). A greater number of patients are needed to clarify the relationship between different diseases and CIN incidence and mortality. The differing severity in the same group and complicated diseases involving two or more organ systems might contribute to this result. Simply using a different organ-based diagnosis cannot correlate with the development of CIN in our patients. However, it remains necessary for ED practitioners to implement more effective and prompt medical management of sepsis to improve outcomes in elderly patients.
There are several potential limitations to the present study. This study was performed at a single ED of an urban academic medical center, and results may be different in other settings. The data was collected retrospectively, and the number of cases involved in our study was not large enough to analyze subgroups in different diagnosis categories. Some clinical factors were not analyzed, such as medications that may affect renal function. In the ED, it is not possible to more accurately evaluate renal function (such as with a 24-h urine creatinine test) before CT scanning. Finally, this scoring model was not developed in a prospective case control design and was not validated; further prospective data collection and studies to test the validity of the CIN risk scoring of elderly patients in the ED are required.
In conclusion, the incidence of CIN in elderly patients who received chest or abdominal CT, with intravenous contrast medium in the ED, was 8.6%. Higher in-hospital mortality was demonstrated in patients with CIN as compared to those without CIN (47.1% vs. 9.9%, respectively). Diabetes mellitus, precontrast sCr >1.5 mg/dL, and acute hypotension were found to be risk factors for CIN. A simple risk score model was established to predict CIN and in-hospital mortality. Further development and validation of this risk scoring model and application to facilitate the prevention of CIN with preventive strategies for the elderly in the ED need further investigation.
